Optimized DFT geometries as a function of central dihedral angle
The assignment of the Raman features in figure 2 is based on comparison with transient absorption features, which are seen by comparing the transmission of the probe with and without the actinic pump. Figure S2 shows these spectra for four representative time delays. In red is the FSR spectrum, and in blue is the transient absorption spectrum. The transient absorption spectrum clearly shows oscillatory features around 700 and 1000 cm -1 , which also appear in the FSR spectrum. The FSR spectrum also shows the narrow vibrational features which probe the structural response to photoexcitation. These FSR spectra are the same as those shown in Figure   2 . There is an excited state absorption which decays with a time constant of 1.8 ps.
Raman pump pulse effects on kinetics
In order to determine the effect of the Raman pump pulse on the observed kinetics, we examined the transient absorption signal with and without this pulse. In Figure S4 , we show that the Raman pulse does not affect or slightly increases the excited state lifetime. The decay without the Raman pump present is 1600  100 fs, and is 1800  200 fs with the Raman pump on. The Raman pump is resonant with absorption from the charge-transferred state, and could also be resonant with a stimulated emission process back to a hot ground state. Either of those processes could serve to shorten the lifetime of the charge-transferred state. In the case of stimulated emission, we would expect to see dispersive lineshapes corresponding to ground state features in our transient spectra, as has been observed in previous FSRS experiments. 1, 2 As these are not observed, we attribute the different kinetics to an excited state absorption process.
However, the timescale is changed by less than ~12 %, and thus is not expected to alter the dynamics. The transient absorption measurements shown in Figure 4 and 5, as well as in Table 1, were made with the Raman pump on, so as to facilitate comparison with the transient Raman features. mode, which can be Fourier transformed to obtain the power spectrum shown here.
Ground State Spectrum of Betaine-30
We obtained the ground state Raman spectrum of betaine-30 with excitation at 785 nm (shown in Figure S6 ). Here we used ~ 1 OD betaine-30 in methanol in 2 mm thick glass cuvette and the reference spectrum of methanol was subtracted to eliminate instrument response. 
